Due to the used of fuel cell (FC) system that produces low pollution, low noise, and high efficiency. Though, an FC's voltage-current response is nonlinear, resulting in only one operating point maximizing the output power given a set of operating conditions. In this paper, a comparative analysis is discussed using a smart controller with the Maximum Power Point Tracking (MPPT) of the Proton Exchange Membrane FC (PEMFC) power system. This paper analyzed the electrical characteristics of PEMFC with regard to the fuel flow rate using FL and conventional perturb and observe (P&O) MPPT techniques. In Matlab/Simulink software and analysis system performance, the proposed system with FL based MPPT controller was modelled under smart control and then optimal power with variable fuel rate. The resulting waveforms were evaluated and demonstrate the system's effectiveness.
INTRODUCTION
In recent years, the need for renewable energy sources has emerged as a critical issue with growing international concern about the depletion of the world's natural resources and the effects of global warming. Among the numerous available clean energy technologies, such as solar, wind and FC, FC is particularly attractive due to their low pollution, simple maintenance, virtually silent running, long service life and so on. In addition, FC has approximately 40 to 60 percent generating efficiency; with an overall efficiency of more than 80 percent being possible through their integration with cogeneration technologies. As the cost of FC materials continues to decline, the marketing of FC for stationary and standalone applications is increasingly attractive [1, 2] . An FC output voltage depends on the temperature of the cell, the pressure of air and hydrogen, the partial pressure of oxygen and the water content of the membrane. Notably, FC has a characteristic of nonlinear voltage-current (V-I), and thus there is only one single operating point that maximizes output voltage and power under specific operating conditions. Therefore, a requirement of MPPT algorithms that can control stack current and fuel flow to maximize cell efficiency and output power under variable operating conditions [3] .
Several MPPT methods have been described for photovoltaic (PV) systems [4] and wind turbine (WT) systems [5] , including Hill-climbing like Perturb and Observe (P&O), incremental conductance (INC), short-circuit fractional current (SCFC), open-circuit fractional voltage (OCFV) FL, Neural Network (NN), current sweep (CS), Ripple correlation control (RCC), drop control of the DC-Link condenser, maximization of current / load voltage and sliding mode control (SMC). Such methods provide an effective way to solve the MPPT problem but vary widely in sensed parameters, complexity, hardware implementation, convergence speed [6] . Different MPPT algorithms were presented to maximize the output power of FC stacks, such as P&O [7] [8] [9] , adaptive MPPT control [10, 11] , motor compressor control [12] , resistance matching [13] , voltage and current based MPPT [14] , and adaptive extreme search (ES) control [15] .
The FC efficiency and output power, as discussed earlier, are highly sensitive to changes in operating conditions. Previous studies suggested reducing the effects of system disturbances on FC performance through sliding mode (SM) [16] or fuzzy sliding mode (FSM) controllers [17] . In this study, an FC's output voltage is stabilized at the Maximum Power Point (MPP) using FL based MPPT controller. Using Matlab / Simulink simulations, the performance of the proposed FC system using FL based MPPT controller is evaluated and compared to P&O based MPPT control systems.
The rest of the research article is structured as follows. description of the proposed system is in Section 2, P&O and FL based MPPT controller are described in Section 3 and Section 4, a simulation model of the complete system is in section 5, results are discussed in Section 6 and conclusions summarized in Section 7.
DESCRIPTION OF PROPOSED PEMFC SYSTEM
This proposed system consists of PEMFC, dc-dc power boost converter, MPPT controllers and load. The block diagram of the proposed system is shown in Figure 1 . Optimize the duty cycle with MPPT controllers for achieving maximum power from the FC system. FC system can be used as a backup just like battery backup. Since early 1990, FC has been researched and developed for use in various applications. For examples, portable, backup, transport and stationary power applications. 
FL BASED MPPT CONTROLLER
Two input variables are voltage and current of FC stack for the controller. The output of the controller is the duty ratio. These two input variables are converted into fuzzy value using Fuzzification process and then design the fuzzy inference rule based on input parameters. Using the Defuzzification process, the output variable is converted into fuzzy to crisp value. This MPPT method based on fuzzy focuses on switching operation of the dc-dc converter. Figure 3 to Figure 9 shows the details of FL controller [18] . 
SIMULATION MODEL OF COMPLETE SYSTEM
The above-proposed model was simulated using Matlab/Simulink software for simulation and system performance analysis as shown in Figure 10 .
To design the simulation model with various MPPT controllers. Parameters are used in the proposed system as given in Table 1 . Figure 11 shows the V-I and P-I characteristics of PEMFC system, Figure 12 shows the hydrogen fuel pattern of input for the FC system, Figure 13 and Figure 14 show the Subsystem of P&O controller and FL Controller respectively. 
RESULTS AND DISCUSSIONS
In this paper, MATLAB/ SIMULINK™ has been simulated and evaluated. Figure 15 shows the response of power and voltage before boost converter, it is observed that the approximation value due to more fluctuations of voltage value (in blue) of 88 V and power value (in red) of 500 W, the time taken by MATLAB simulation is 5 s. Figure 16 and Figure 17 show the output power and voltage of boost converter with P&O and FL based MPPT controllers, it is clearly seen that the that the voltage value (in blue) of 200 V and power value (in red) of 400 W using P&O based MPPT controller and the voltage value (in blue) of 210 V and power value (in red) of 450 W using FL based MPPT controller. Similarly, Figure 18 shows the comparative analysis of output power of boost converter using P&O and FL based MPPT controllers. It is clearly observed that the output power value (in red power2) is a greater response as compared to output power value (in blue power1).
7.CONCLUSIONS
In this paper, A PEMFC system is stand-alone generation framework consisting of a PEMFC stack, dc-dc power boost converter, MPPT controllers, and the load was developed in MATLAB/ SIMULINK. To discussed PEMFC stack with different MPPT controllers and fuel flow rate, the selecting of the FL controller is best for achieving maximum power from FC system. The FC power system's efficiency has improved from 40 percent to 45 percent using FL controller and demonstrates the effectiveness of the proposed PEMFC system. Also, reduced the fluctuation about the MPP. Future research can be done on economic analysis of the stand-alone as well as on grid-connected PEMFC framework using a hybrid intelligent MPPT controller for different loads.
